Introduction
Cancer is a major public health problem in Korea. According to the annual report of the Korea Central Cancer Registry, more than 200,000 people have been diagnosed with cancer every year since 2010, with a steadily increasing cancer incidence [1] [2] [3] [4] . This trend is expected to persist in the future because of population aging, westernized lifestyle, development of diagnostic tools that can detect cancer, and a medical system that encourages cancer screening [5] [6] .
As radiation therapy (RT) is an indispensable part of cancer treatment, it is reasonable and necessary to estimate the www.e-roj.org http://dx.doi.org/10.3857/roj.2016. 01753 clinical utilization of RT for understanding the status and development of cancer treatment in Korea. The most up to date official records on the clinical utilization of RT in Korea were reported for the period 1999-2006 [7] [8] [9] [10] . These records were compiled using questionnaire-based methods over a long period and possibly had recall bias. Recently, we reported the findings of a pilot study for the clinical utilization of RT in 2009 and 2013 [11] in order to estimate the feasibility of statistics using claims data from the Health Insurance Review and Assessment Service (HIRA). In previous studies [7] [8] [9] [10] [11] , we categorized patients according to the cancer site treated by RT, instead of their primary cancer diagnostic codes. In the present study, the patients were categorized according to their primary cancer codes rather than their metastasis status or the site of treatment. Moreover, a previous study [11] analyzed patients who only had 'C' code diseases. Patients who had ductal carcinoma in situ of the breast or benign brain tumor treated with RT could not be included in the total count of patients who received RT because they are 'D' code diseases and are therefore classified as benign. Consequently, the actual total number of patients who received RT was underestimated. Therefore, in the present study, we analyzed the data from patients having both 'D' code and 'C' code diseases. The aim of the present study was to estimate the clinical utilization of RT in the 2009-2013 period using claims data from the HIRA.
Materials and Methods
The detailed methods using claims data from the HIRA are described in a previous study [11] . The customized source population criteria for this study are shown in Table 1 . In this study, we included not only patients with International Classification of Disease 10 (ICD-10) diagnostic codes C00-C97, but also those with diagnostic codes D00-D48 (including carcinoma in situ or benign neoplasms), who were also associated with at least one of the procedure codes related to RT treatment. In our previous study, we categorized the patients who had diagnostic codes for metastasis (C77-79) based on whether they received RT to the metastatic site, irrespective of the patient's primary cancer diagnostic code. However, in this study, the patients were categorized according to their primary cancer codes rather than their metastasis status, even if they had diagnostic codes indicating metastasis. For example, if the patient had code C34 for primary lung cancer and code C79.30 for brain metastasis, the patient was categorized as having primary lung cancer instead of brain metastasis. This method of categorization was to identify the number of patients who underwent RT for their primary cancers. However, if the patient only had a diagnostic code for metastasis, we could not determine the primary cancer diagnosis; therefore, the patient was categorized as 'unknown primary. ' If the patient had both C and D diagnostic codes, it was assumed the patient had received RT for the disease with the C diagnostic code.
We analyzed the claims data from the HIRA in order to identify the total number of patients who underwent RT, and the number of patients who received RT by primary cancer diagnosis, gender, and age group between 2009 and 2013 in Korea. In addition, through the classification of the procedure codes (Table 2) , we estimated the total number of patients who received specific RT modalities, including brachytherapy, intensity-modulated radiation therapy (IMRT), stereotactic radiation therapy (SRT), and proton therapy.
Results
The total number of patients who received RT in 2009 RT in , 2010 RT in , 2011 RT in , 2012 , and 2013 were 45,571, 49,593, 54,671, 59,172, and 61,485, respectively (Fig. 1) . Among them, the total number of cancer patients (C00-C97) who received RT in 2009, 2010, Table 3 . The five most common cancers treated with RT between 2009 and 2012 were breast, lung, colorectal, liver, and uterine cervical cancers. However, the fifth most common cancer treated with RT in 2013 was prostate cancer instead of uterine cervical cancer. The three leading types of cancer among male patients were lung, colorectal, and liver cancers, and those among female patients were breast, uterine cervical, and lung cancers. Breast cancer patients constituted a quarter of the total number of cancer patients who underwent RT, and approximately half of the female cancer patients. Carcinoma in situ of the breast treated with RT was the most common among the diseases with code 'D. ' The benign neoplasms of the meninges and the central nervous system were second and third most common among the diseases with code 'D. ' The distribution of patients who received RT in 2013 based on cancer diagnosis and age group is shown in Table 4 . The most common cancer was that of the central nervous system for patients aged 20 years or less, while breast cancer was the most common cancer in patients aged 30-50 years, and lung cancer was the most common cancer in patients aged 60 years or more. Similar trends were observed for previous years.
The distribution of patients who received RT with specific modalities is shown in Table 5 . Because National health insurance had not covered IMRT and proton therapy before 2011, the number of patients who received IMRT and proton therapy before 2011 was not calculated.
Discussion and Conclusion
This study was conducted to analyze the clinical utilization of RT between 2009 and 2013 in Korea using claims data from the HIRA. The total number of patients who underwent RT increased 4%-10% per year between 2009 and 2013 (Fig. 1) . Considering the annual cancer incidence [1] [2] [3] [4] 12] , although the percentage of patients who underwent RT increased from 23% to 27% during these 5 years, it remained below 30% (Fig.  3) . Table 6 shows the utilization rate of RT, which is defined as the proportion of all cancers with indications for RT by country [13] [14] [15] [16] [17] . This value can be dependent on the distributions of cancer types and stages. According to these reports, about 47%-55% of cancer patients in developed or developing countries would be candidates for RT treatment. Although the optimal utilization rate of RT in Korea was not reported yet, No. of patients it is estimated to be within the same range. Even though the optimal RT utilization rate has been criticized for potentially overestimating the demand for RT [18] , the clinical utilization rate of RT in Korea could be estimated to be much lower than the optimal utilization rate of RT. Generally, the number of cancer patients who underwent RT for primary cancer increased steadily; however, the number of uterine cervical cancer patients remained approximately at 2,500 during these 5 years. While, the number of prostate cancer patients who received RT notably increased during this period, and consequently, prostate cancer became the fifth most common cancer in 2013 replacing the cervical cancer. This might not only be attributed to the increased prevalence of prostate cancer, but also to the improvement of RT techniques including IMRT or SRT.
In terms of RT modalities, while the numbers of patients who received brachytherapy were similar for each year between 2009 and 2013, the cases receiving IMRT notably increased from 2011 to 2013, and this increase is expected to continue in the future because of national health insurance coverage of IMRT. Similar to IMRT, the number of cases treated with SRT also has steadily increased during these 5 years. Because the claims data from the HIRA only included that of the insured cases and the number of uninsured treatments could not be recorded, the actual number of patients who received proton therapy is expected to be more than the reported number.
In comparison to the results from a previous study [11] , differences were observed in the total number of patients who underwent RT in 2009 and 2013. One of the reasons for the difference could be attributed to the different collection time of claims data from the HIRA, considering that some patients' data are registered after 1 or more years. Therefore, the total number of patients who received RT in the same year might not indicate the actual number.
This study could provide useful clinical utilization data for RT in Korea, and we aim to continuously provide the results on the clinical utilization of RT using claims data from the HIRA in the form of an annual report in the future.
